The Agricultural Policy/Environmental eXtender (APEX) model has five different interfaces used to process and build simulation projects. These interfaces utilize different input databases that lead to different model default values. These values can result in different hydrologic, crop growth, and nutrient flow model outputs. This study compared structural and input value differences of the ArcAPEX and Nutrient Tracking Tool (NTT) interfaces. Long-term, water quality data from the Rock Creek watershed, located in Ohio were used to determine the impact of the differences on computation time, parameter sensitivity, and streamflow, total nitrogen (TN), and total phosphorus (TP) simulation performance. The input structures were the same for both interfaces for all files except soils, where NTT assigns three soil files per field, rather than a single one in ArcAPEX. As a result, computation times were three times as long for NTT as for ArcAPEX. There were twelve sensitive parameters in both cases, but the order of sensitivity was different. Both interfaces simulated streamflow well, but ARCAPEX simulated evapotranspiration, TN, and TP better than NTT, while NTT simulated crop yields better than ArcA-PEX. However, none of the models met all of the performance criteria for either interface. Therefore, more work is needed to ensure models are properly calibrated before being used for scenario analysis. While it is acceptable for the values to be different from the SSURGO database, there is no documentation explaining the rationale for the modifications from the original source. This is one of the examples that highlights lack of detailed documentation that would be useful to model users. Overall, the results indicate that different interfaces lead to different model simulation results and, therefore, the authors recommend users specify the interface used and any modifications made to the associated databases when reporting model results.
Introduction
Nutrient transport to water ways is of great concern to proper land management [1] [2] . Fertilizer application, usually a combination of nitrogen, phosphorus, and potassium, is one of the important inputs in crop production [3] . However, when nitrogen is overapplied or when the nitrogen use efficiency of a crop is low, the excess of nitrogen is transported to waterbodies or leached into groundwater, which can have far-reaching effects [1] . The effects include pollution such as water contamination and eutrophication of downstream sites, and nitrogen loss from the field and hence reduced nitrogen use efficiency of crop, and increased fertilizer costs to farmers [1] [4] [5] . Hydrologic and water quality models such as the Soil and Water Assessment Tool (SWAT) [6] and the Agricultural Policy/Environmental eXtender (APEX) [7] have been widely used to quantify the impacts of various management systems on water resources [8] [9] [10] [11] [12] .
There are many studies comparing the impact of models [ [12] [19] , and digital elevation model (DEM) resolutions [[20] [21], etc.] on model outputs, performance, and scenario results.
However, based on the literature review, there are no studies that report the impact of the interfaces used to build models on model outputs and performance.
Interfaces developed for hydrologic and water quality models are mainly used to pre-process data and create model input files for simulations [22] [23] [24] . However, different interfaces utilize different databases to derive model input.
This can result in different default parameter values, which can lead to a different set of simulated outputs, conclusions, and recommendations. Model users choose an interface based on accessibility and ease of use and could benefit from a study that determines the potential impacts of the selected interface on model outcomes.
Models and interfaces utilize regional or national DEM, soils, and crop databases in order to provide default model input values for a given study area. Many studies present the advantages, disadvantages, and best methods of using databases in modeling [14] [15] [25] [26] . Some of these databases, such as soils and crop, may be modified by the model and interface developers based on the structure and possible quality assurance/quality control procedures. Although the developers give the users the option to modify the inputs, in most cases, model users don't have measured data, especially at the watershed scale, to adjust the default parameter values. Therefore, many studies use the default values obtained from The APEX [7] [8] model is a watershed simulation model used to assess the impact of land management practices on water flow, sediment, and nutrients.
APEX is a direct extension of Environmental Policy Integrated Climate Model (EPIC) [31] . There are five different interfaces used to process and build APEX model projects, including ArcAPEX [32] , iAPEX [33] , WinAPEX [34] , APEX for Linux (https://epicapex.tamu.edu/model-executables/), and the Nutrient Tracking Tool (NTT) [35] [36] . Each of these interfaces have been used for different applications [15] [20] [29] . Monks et al. [15] used WinAPEX to compare the effects of different soil datasets on streamflow, surface runoff, and crop yields in Washington state, while Nelson et al. used ArcAPEX to build projects to compare the effect of the length of calibration period on hydrologic outputs [28] and examining the need for soft data in the calibration process [29] . Tadesse et al. [19] used NTT to compare the different evapotranspiration (ET) formulas available within the APEX model. One of the major structural differences between NTT and ArcAPEX interfaces is that ArcAPEX uses only the predominant soil for each subarea [37] , while NTT assigns a maximum of three soils for every subarea, representing the most predominant soils in the area of interest [38] .
Because model computation time takes place at the subarea level, this implies that a model built using NTT will require as much as three times the computation time to complete as one built by the ArcAPEX interface. However, one would hypothesize that although a model built using NTT requires more computation time, it should result in more realistic model outcomes because three soils for each subarea capture the variability better relative to the single soil used in ArcAPEX. However, none of the reported APEX literature presents the impact of the interface used on model outcomes. Therefore, the objectives of this study were to: 1) compare structure and input values of the ArcAPEX and NTT interfaces, and 2) determine the impact of the differences on simulated hydrology and water quality outputs, computation time, parameter sensitivity, and calibration performance.
Methods

Interface Input Structure
ArcAPEX is an ArcGIS-based user interface that incorporates soil data, topographic, land use, and a built-in APEX-Parameters database to simulate hydrologic and agricultural processes over a field to basin scale drainage area [32] . The NTT interface was developed to enable assessment of impacts of management practices and to facilitate water quality trading. It is a web-based interface with linkage to the APEX model [35] .
The main APEX input files are CONTROL, PARM, Soils, and several management files (for operations, fertilizer, grazing, etc.). CONTROL and PARM files contain global parameters, meaning that these parameters are general and contain many coefficients used in different equations and the miscellaneous pa-
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rameters used. The values of these parameters can be adjusted based on the crops, soils, and management practices representing the farming systems found in different regions of US [35] [38] . While the ArcAPEX and NTT interfaces utilize similar input files, there is a major structural difference with respect to the soil databases. Differences in soil databases include how soil properties are organized by layers for APEX and, more significantly, the number of soils for each subarea/or area of interest. In ArcAPEX, only the predominant soil is used for each subarea [37] . A dominant soil is assigned to each subarea from the list of soils in the study area (listed in the SOILCOM.DAT file). A file named filename.sol is used to describe each soil. The NTT interface allows users to verify, modify or delete soils copied from the SSURGO soil database and add or edit layers for the particular field selected in the field's page. The NTT assigns a maximum of three soils for every subarea, representing the most predominant soils in the area of interest [38] .
Interface Input Values
The values of the parameters in the Control, Parameter, and Soil files for the respective interfaces were determined after the model was built (see details below).
Model building includes study area description, data sources, and model setup.
Study Area
Nelson et al. [29] provide a detailed description of the study area; thus only a summary is provided here. Rock Creek, located in northern Ohio, is a third order tributary of the Sandusky River (Figure 1 ), which flows north through the middle of Seneca County and drains into Lake Erie through Sandusky Bay [39] [40] [41] . soil hydrologic group, moist bulk density, soil profile depth, saturated hydraulic conductivity, available water capacity of the soil layer, and soil texture data (% clay, sand, silt, and rock fragment content) ( Figure 2 ). Surveys and reports on the study area were used to obtain land use and land cover information as well as [45] and is described in detail in Nelson et al. [28] . Since the two interfaces calculated slightly different areas for the watershed, the observed values were adjusted according to each interface's calculation of watershed area (7576.54 ha for ArcAPEX and 7560.85 ha for NTT).
The APEX model was constrained with soft data, including the assurance that simulated values were within 15% of the average annual evapotranspiration (ET) and tile drainage (QDR) values of 524 mm [46] and 283 mm [43] , respectively.
Soft data are information on processes within a budget that may not be directly measured, including those found in literature, such as annual evapotranspiration (ET), tile drainage, crop yields, or certain species of nutrients [47] . The annual average yield ± 35% for corn, winter wheat, and soybeans was used to constrain crop yield data, which were taken from the Ohio Agricultural Statistics 2015
Annual Bulletin and 2009 Ohio Agricultural Statistics reports [48] [49].
Model Setup
The APEX model version 0806 [37] [50] was used in this study. It is important to note that although the NTT interface states that it uses APEX 0806, the executable has been modified. However, the modifications are not documented.
ArcAPEX and NTT interfaces were each used to build one project. The APEX project was built (delineated) into subareas along with the corresponding stream network using ArcAPEX [32] . The subarea, APEX's smallest modeling unit, is a function of land use and soil type. An area upstream and contiguous to the outlet at which the flow measurements were made was delineated using the automatic subarea delineation feature on the DEM. The land use, soils, and slope definition tool was used to define the categories appropriately. Using management and land use data collected by study area personnel [51] to define the subareas for creating files resulted in delineation of 29 subareas (Figure 1 ).
Because NTT cannot currently delineate subareas, the shapefile from the ArcAPEX delineation was used to build an APEX project with the NTT interface [35] [36] . Data on land use and management practices were populated using the NTT interface subsequent to delineation and selection of soil and weather data inputs. Management operations included, but were not limited to, crop type, tillage method, planting date, fertilizer type and amount, irrigation type and amount, harvest date. Operations were the same as those entered in the ArcA-PEX interface. Subareas were manually routed using the routing scheme adopted from ArcAPEX.
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The model was run after creation of all subarea files, creating a default model folder for each interface. The model folder includes all necessary input, control, and executable files along with the output files. The parameterization process was then used to edit and update input and control files. The drainage code (IDR) was set to 900 mm [43] to assign tile drainage to subareas with predominantly crop coverage and slopes < 3% [52] . The Hargreaves [53] method was used to estimate ET in both interfaces.
Model Evaluation 2.3.1. Sensitivity Analysis
Important model parameters for calibration were identified by performing a global sensitivity analysis (GSA) [54] that used variance-based sensitivity analysis to quantify the contribution of change in model parameters to the change in model outputs. The GSA also provided a flexible water simulation platform for incorporating different sets of model parameters. A GSA was implemented using the APEXSENSUN software [27] which is designed for Monte Carlo-based uncertainty analysis [55] . Defaults assigned by the respective interfaces were not altered for parameters that were not being tested for sensitivity.
Forty-two parameters related to nutrients and streamflow (and defined in 
Calibration and Model Evaluation
Previous [58] [59] and current literature review found that most studies used only statistical performance measures to determine adequate calibration and validation. While Wang et al. [60] recommends that modelers obtain a correct water balance that includes all hydrologic components (e.g. surface flow, subsurface flow, percolation, evapotranspiration) and crop yields, with crop yields as the absolute minimum criteria level if no measured water quantity data are available, few of the ensuing peer reviewed papers follow this recommendation rigorously.
According to Nelson et al. [29] , it is important to utilize the soft data to obtain realistic simulations of various management practices, thus ensuring one gets the right answers for the right reasons [61] . In this study, model performance was assessed using the NSE and PBIAS statistical performance measures calculated with APEXSENSUN [27] . The criteria thresholds for NSE and PBIAS used in this study were the same as those used by Nelson et al. [29] . Moriasi et al. [62] A. M. The statistical performance measures and the soft data constraints together are referred to as performance criteria throughout the rest of this paper. Comparisons on model simulation performance were made for each individual criterion.
According to Nelson et al. [29] , models evaluated on a daily time step did not meet the selected criteria when simulating daily streamflow. This could be attributed to the precipitation and streamflow measurement cutoff at midnight for each day and the lag time between a precipitation event and a streamflow surge.
In a study to determine the impact of length of the calibration period on model performance, Nelson et al. [28] found that the model performed best at an annual temporal scale when using long term (25 years) data to calibrate the model.
This study was performed in the same study area with the same 25 years of measured data. Therefore, model performance was evaluated at an annual time step.
Results and Discussion
Impact of Interfaces on Input Values
Soils Input Files
The ArcAPEX interface soil database has four soil types for the study area, which [63] recommend that "modifications, simplifications, or 'data cleaning' procedures used in preparing the input data, including any assumptions made to acquire or process … data to make it compatible" be clearly documented. Such documentation is essential because these values affect different processes. For example, soil texture affects infiltration and soil water holding capacity [64] [65], as well as susceptibility of erosion [66] , which in turn, affect ET, drainage, and nutrients.
Other parameters that affect the hydrologic processes include the soil water content values at "wilting point" (at 1500 KPa or −15 bars (m/m)) and "field capacity" (at 33 KPa or −1/3 bars (m/m)). While the SSURGO database has values for these parameters, both NTT and ArcAPEX provided a zero in their place.
According to the APEX manual, zero is to be entered as a default integer when the value is unknown [37] . However, the zero entered does not represent a value of zero. Rather, the model takes the midpoint of the range given in the manual and utilizes that median as the value in pertinent calculations or functions. For example, for the soil water content at field capacity, the model will use 0.35, the median value of the default range of 0.1 -0.6. The soil water content levels at the different pressures affect infiltration rates, and therefore calculations of runoff, drainage, and streamflow.
CONTROL Input Parameters
There are 77 Control input file parameters, most of which are held constant for all model runs, but only some of them are presented in Table S1 . In this study, only parameters related to the equations used, the processes simulated, and where the parameter values were different between interfaces are presented. The notes column in Table S1 provides more information about the parameters.
However, there was no description for some of the parameters either in the manual [37] or the theoretical documentation [30] . As noted from Table S1 , there are major differences in the default values used by each interface. Parameters such as Return Flow/(Return Flow + Deep Percolation) (RFPO) and Number of years of cultivation at start of simulation (RTN0) directly impact hydrologic processes and nutrient availability. As discussed above, there is no detailed documentation explaining how these default parameter values were determined.
PARM Input Parameters
There are 98 Parameter (Parm) input file parameters that consist of mainly equ- 
Impact of Different Input Values
Default Model Simulations
The results of the comparisons between observed and simulated outputs for the two interfaces are presented in Table 2 . The average area was used to compute the observed values used for comparison. Both ArcAPEX and NTT simulated streamflow and tile drainage within 30%. However, there were major differences in simulated ET with ArcAPEX overpredicting ET by 15%, while NTT underpredicted by 56%. In general, NTT simulated nutrients and crop yields better than ArcAPEX, with crop yield errors ranging from 13% -35% for NTT and 37% -69% for ArcAPEX (Table 2) . While NTT simulated total phosphorus better than ArcAPEX, it should be noted that the ratios of the components that form total P (the summation of YP = phosphorus loss in sediment, QP = phosphorus loss in surface runoff, QDRP = phosphorus loss in drainage, and QRFP = phosphorus loss in quick return flow) are vastly different (Table 3) . For example, 4% of TP comes from tile drainage for NTT and 60% for ArcAPEX. King et al. [43] reported that tile drainage accounted for 40% of the total P exported from the watershed. The differences in simulated total nitrogen could be explained by the soil properties and the Number of years of cultivation at start of simulation (RTN0) parameter (Table S1 ). ArcAPEX has soils listed as hydrologic group B with high sand content, which have higher infiltration rates than the NTT soils, which are listed as hydrologic group D with higher clay content ( Table 1) . This can lead to higher nitrogen leaching for ArcAPEX soils, which explains the much higher simulated total nitrogen compared to measured data and NTT simulated values.
The RTN0 parameter is set at 150 years for ArcAPEX and 10 for NTT (Table S1 ).
This parameter affects the partitioning of nitrogen and carbon into the passive and slow humus pools. The number of years of cultivation before the simulation starts is used to estimate the fraction of the organic N pool that is mineralizable. Mineralization is more rapid from soil recently in sod. Also increasing the number of years the field has been in cultivation increases the amount of C and N in the passive pool. This means it will take longer for the carbon and nitrogen to become available. The increased levels of nitrogen leaching and unavailability of nitrogen from the organic pool as indicated by the number of years of cultivation at the start of simulation parameter may be the reason the crop yields are so much lower in the ArcAPEX simulations. the water budget is going. These differences in the outputs from the default values from the two interfaces lead us to provide two recommendations. Model developers need to take a look at the interactions between water, nitrogen, and crop growth routines, while model users need to pay attention to the soils and control parameter values prior to beginning sensitivity analyses and the calibration process that mainly focuses on the PARM file parameters.
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Computation Times
To run the 20,000 model simulations for calibration and sensitivity analysis, the computation time for the ArcAPEX was just over 6 days, while the NTT interface took just under 17 days ( Figure 3 ). As discussed above, this is attributed to the utilization of three soil types per hydrologic subunit for NTT, whereas ArcAPEX only assigns one.
Sensitivity Analysis
The rankings of the parameters found to be most sensitive for the two interfaces using NSE and PBIAS are shown in Table 4 . The same 12 parameters were found to be most sensitive for streamflow, total nitrogen (TN), and total phosphorus (TP) for the ArcAPEX and NTT interfaces. The rankings for the Root growth soil parameter had the same ranking for both the ArcAPEX and NTT interfaces for streamflow and TP (NSE and PBIAS), and the Soil evaporation-plant cover parameter had the same top ranking for streamflow (NSE and PBIAS) and third ranking for TN (PBIAS only). 
Model Performance
The number and range of values of simulations that met individual performance criterion are presented in Table 5 . For streamflow and drainage, there was little difference between ArcAPEX and NTT. However, ArcAPEX had over 12,500 models meet the criteria for ET, while NTT had zero. For corn and soybeans, NTT had over 16,000 and 14,000 models meet the ±35% target, while ArcAPEX had over 2600 simulations that met the criteria for corn and zero for soybeans.
The ArcAPEX interface had three models that met all of the criteria except those This led us to recommend that the interaction between crop yields, water, and nutrient routines be re-evaluated by the developers, while the users take note of the soils and control parameter values before carrying out sensitivity analyses and model calibration. This indicates more work is needed to ensure models that have proper representation before being used for scenario analysis.
Conclusions
In this study, the structure and input values of the ArcAPEX and NTT interfaces were compared and the impact of the differences on simulated water quality and quantity outputs, computation time, parameter sensitivity, and calibration performance was determined. There were major differences in the soils, PARM, and CONTROL input values for the two interfaces that affect water budget components, nutrient transport, and crop growth. It was also noted that the soils input parameter values were different from those in the SSURGO database. While it is acceptable for the values to be different from the SSURGO database, there is no documentation explaining the rationale for the modifications from the original source. Overall, there is a lack of detailed documentation on how these default parameter values were determined that would be useful to model users. Such documentation is essential because these values affect different processes. ArcAPEX uses only the predominant soil for each subarea, while NTT assigns a maximum of three soils for every subarea, representing the most predominant soils in the area of interest. The differences in this structure of the soils input files affected model simulation times, leading to a computation time three times longer for NTT than for ArcAPEX project. were quite different, raising the question of where that missing water in the water budget is going. These differences in the outputs from the default values from the two interfaces lead us to provide two recommendations. Model developers need to take a look at the interactions between water, nitrogen, and crop growth routines, while model users need to pay attention to the soils and control parameter values prior to beginning sensitivity analyses and the calibration process that mainly focuses on the PARM file parameters.
Sensitivity analysis results indicated that twelve sensitive parameters were the same between the two interfaces, though the order of sensitivity was different.
Using the sensitive parameters, calibration results showed none of the models met all of the criteria (statistical performance measures, water budget components, and crop yields) for either interface. These results can be explained by the findings from the comparison of the outputs using the default values. Therefore, more work is needed to ensure models that have proper representation before being used for nutrient and land management scenario analysis.
